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AMENDMENT UNI>KK 37 C.F.R. $1,111 
U.S. Appln. No. 10/049,509 



AMKNDMKNTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in Hi » 
application: 

LISTING OF CLAIMS: 

L (canceled). 

2. (previously presented): A vehicle running state estimnlii n mclhoil comprising: 
detecting a vibration level of n porlion below a spring of a running vehicle; and 
estimating Hie running state oflhe vehicle by determining a.: least one of a condilii n of a 

road surface on which the vehicle is running and n running state of each tire, 

wherein said determining is based on the delected vibration level, and wherein a 

waveform of time changes in the vibration level is detected and the condition of the road s irface 

on which the vehicle is running is estimated from a vibration level at a predetermined posi ion of 

the waveform or for a predetermined time range. 



CO 



3. (currently amended): : 4 : liW\_ vehicle running state estimation method mwHrtiiiig o 
o I a i n>4tr c< * m p r i s i n g : 

defectu m a vibratio n lev cj_ofA port ion below a sp ring of a running. vehicle: whuroii -a 
frequency oflhe detected vibration level is analyzed to calculate a vibration level at a ppi 
predetermined frequency band and gJh<MtesH*^ of the road surfac : on 

whichjhc vehicle is runmrni is estimated from- hv compari ng the calculated vibration levels .vilha 
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".msigrcurvc which is a vibn^ rinuihiiving ;i 

EDalsSiam s urface o f the running vehicle. 

4. (currently amended J: TJ»e-A_vchicIc running state estimation method tKHttitimft :*» 
cliiiffl-k- co mnrisini* : 

l!s!^JiUiULi^ a sprint?, of a runmnt^ vehicle^*] 

cstmiqlinu ihc runninu state of the vehicle b v determining a deureo of slippering >fa 

rond surface on . w hi eh jh e veh icle is run n i ng_and_ a run ninu stale u I" cadi Jire, 
whew m said d el or mining is le ased on the detected vibration level, and 
wherein the frequency of the detected vibration level is analyzed, at least two vibra ion 

levels at different frequency bands arc calculated, an operation is carried out on the at leasi two 

calculated vibration levels, and (he degree ofslippermcss of the roaJ .surface is estimated f om 

computed value. 

5. (currently amended): Tito- A_ vehicle running stale estimation method com prising: 
!&\ cejina. a. vibr ation leve l p f a portion below a .spring o fa running v e h icle; and 

on w hich the ve hicle is runni mt and a run ning stale of eaeh tire, 

?yhcrciiijaic^^ is bas ed on the de lected vibration le vel, and -Hw^rding-t<>- 4aim 
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wherein vibration levels of al least two points of n portion below the spring with ;i buffer 
mcmbcy int erpose d there betwee n arc delected 10 calculate a vibration transmission level r I'thc 
portion below the sprinj^betwcaijhejx^ frequ ency band? and t ic 

dogrtHM-rt^^ road surface is estimated frcm the calculated vibrat on 

transmission level. 

6. (previously presented): A vehicle running slate estimatic n apparatus for cslimal ng 
running state of a vehicle based on road surface conditions, the estimation apparatus comprising: 

means of detecting a vibration level of a portion below a spring of a running velne- j; 

means of computing waveform of lime changes in the vibra- ion level; and 

road surface condition estimation means for estimating a condition of a road sur fat j on 

which the vehicle is running from the vibration level at a predetermined position of the 

waveform or for a predetermined time range. 

7. (previously presented): The vehicle running slate estimation apparatus aceordiiv ; to 
claim 6 further comprising means of calculating the vibration level at least one of a tire 
leading edge portion, tire ground contact portion and tire Irailing ed^e portion of (he wo vol :nm. 

8. (currently amended): A vehicle running state estimation apparatus comprising: 
means of detecting a vibration level of a portion below a sprng of a running vuhiel ; 
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means of calculating a vibration level at a predetermined fr equency band by amily -.ing 
frequency ol the detected vibration level; and 

road surface condition estimation means for estimating a d<^e-ofolipfMm idition 
of the road surface on which the vehicle is running -frnm-bv eoinpa.Tnj^the calculnted vibr ition 
level with the mast er curve w hich isjhe,vihmtio n level detecte d ihrrtj.it^j^njnj\o n a roa< 
hayjni^a..predctcrmincil road surface condition. 

wherein the running state of the vehicle is estimated based on the dt^rw-ol-sUpp^ ness 
coijdjtiojiof the road surface received from the road surface condil on estimation means. 

9. (previously presented): A vehicle running state estimation apparatus comprising : 
means of delecting a vibration level of a portion below a spring of a running vehic! and 
road surface condition estimation means for estimating a degree of slippcrincss of :i road 

surface from a value obtained by carrying out an operation on at lc;:sl two vibration levels it 
different frequency bands by analyzing the - frequency of the detected vibration level, 

wherein flic running state of the vehicle is estimated based r n the degree of slipper ness 
of the rood surface received from the road surface condition estimation means. 

10. (currently amended): A vehicle running store estimation apparatus for cslimafii g a 
running slate of a vehicle based on a condition of a road surface conprising: 

means of" detecting vibration levels of at least two points on a portion below a sprin » of 
the running vehicle with a buf lcr me mber b eing i nt ernosed t heroh et .ycen : 

5 
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means of calculating a vibration transmission level at a predetermined frequency b md 
between snid at least I wo vibration detection points; and 

road surface condition estimation means for estimating n deg r e e o f > ; I i p par i n ea s-coi djjjon 
of the road surface on which the vehicle is running from the calculated vibration transmit son 
level. 

1 1, (canceled). . 

12. (currently amended): The A vehicle running state estimation apparatus aeeafd n£H*> 
el-aii n-Sr cnmp ris i i n>: 

incans^)f detecting?, a vibratio n level of a portion bel ow a sptinuof a r unning y^hicl t\ 

means of calculating a vibratio n level at a preclelemiined frequency ba nd by ana lv/ ng 
frequency o f the delected vibration l evel; and 

Jl>0£L^l^iL!^di \ • ° JL estimation m eans fo r estim ating n d ej ire c ofslippcrmcs s of I je 
ro od surface on w hich the vehicl e is runninu (w in .the pdcu jaMlvit [3ji£g Jgv^ 

whcrtfjfl tlicnmnjnj^ .statc of the veh icle is estimated based o;i the dem cc of slippcri icss 
of the roa d surface recei ved from th e r oad surface cond ition estimation me ans, and 

wherein a road surf ace Irietion coefficient fx at a time of running the vehicle is estin nted 
based on a relationship between a surface friction coefficient u obta ned from braking dista ices 
of the vehicle under various road conditions at different speeds and i\ least one of the calei lated 
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vibration level at said predetermined frequency hand and a calculated vibration Iransmissi in 
level . 

13. (curremly amended): The-A vehicle running stale estimation apparatus utwd ng-k> 
d rtifi *-&- coni pri si r ) g: 

ffL%m^^ level of a po rtion belo w ajsp;;^ of n ru nning v chie': ^ 

means <>rcsitgyla(jngiLyi hi alion level at a predetennjn^^ 
frequency of the d ejected vib ral io n leve l: and 

rmdMirtbcc conditio n estimat ion means for cstii oatinu a de cree of sljpiicrin <yN of i ie 
road surface ,Qj,L^jlj<^h the vehicle i s. runni nu f rom the ca lculated vjl nati on lev el , 

wherein j he running xtn ic of ihe ve hicle is estimate d based r n the decree of s lipper ness 
of the x<M.-wfa cc receiv ed Inmi the_rc>acl surface condition estimatio n means, a nd 

wherein the frequency hand is a hand including frequency cv % natural vihralion of a ire 
tread land portion. 

14. (currently amended): -Phe- A ..vehicle running state estimation apparatus acc-onta -£-to 
cla -m^-coni p ri s i n g : 

meamof detceti nu a vibra tion level of a porti on below a sprnu of a mnni nu vohieh : 
means ofc>dculaling a ..vib ration k:vc | ata predetermine d froiucncy b and by analvzi u> 
jjvyuy n. cy_ofJhe d ct cc t ed v i bra ( i< i n I eve I ^ and 
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iVKuTsur 1 ;i cc condition estimation means Jor esti mn|in» a <1« .*mee o f s 1 i ppen ness _ni llu: 
road su rfiict^ i c I e jsmmijii a from the cale ul a icdv: bratio n le vel. 

wherein the running .slate of the vehicle is csliiriatcdj^jsed :>n die decree of . si ijjpe: i ness 
ilQhc road surfac e received (rum d ie roa d s urface conditio n estimation mean s, and 

wherein a threshold value is set Tor the vibration level, and ihe surface of (he road s 
esiiiiKiletl to he in a low friction condition when the calculated violation level exceeds the 
threshold value. 

1 5. (previously presented): The vehicle running stale estimation apparatus aeeordi ig to 
claim 14. wherein the threshold value can be changed. 

16. (previously presented): The vehicle running slate estimation apparatus aceordi lg to 
claim 6 which Further comprises a vehicle speed detection means k estimate the condition of a 
road surface based on vehicle speed. 

1 7. (previously presented): The vehicle running .stale estimation apparatus of clain 6. 
further comprising: 

means of judging slipperiness of the road surface based on lie condition of the roat 
surface estimated by the road surface condition estimation means; and 

warning means Jor giving a warning when it is judged that the condition of the roac 
surface is slippery. 
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(8. (previously presented): The vehicle running stale estimation apparatus accord) tg to 
claim 1 7, further comprising: 

vehicle speed detection means (o change decision on the sliopurincss of the road si rface 
and warning level based on vehicle speed. 

19. - 24. (canceled). 

25. (previously presented): The vehicle running slate estimation apparatus aecordi >g to 
claim 6, further comprising a transmitter for transmitting output of j he vibration detection neans 
lor calculating a lime change in the vibration level or a vibration level at a predetermined 
frequency band. 

26. (previously presented): The vehicle running state estimation apparatus accordii g to 
claim 6 further comprising a power generating unit mounted on a the wheel, wherein the p »wer 
generating unit generates power by rolling of each tire and supplies power for at least one i f 
driving the vibration detection means and amplifying output of the \ ibralion detection men is. 

27. (previously presented); A vehicle control apparatus comprising vehicle control 
means for controlling the running state of a vehicle based on the condition of the road surfa x- 
estimated by the vehicle running state estimation apparatus of claim 6. 
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28. (previously presented): The vehicle control apparatus according in claim 27 vv iieh 
comprises vehicle speed detection means to control the running slu;e of the vehicle bused m 
vehicle speed. 

29. (previously presented): The vehicle control apparatus according to claim 27, v herein 
the vehicle conlrol means controls locked slate of cadi wheel. 

30. (previously presented): The vehicle control apparatus according to claim 27, w herein 
the vehicle conlrol means controls attitude of the vehicle. 

> I (previously presented): The vehicle control apparatus according to claim 27, \v ierein 
the vehicle control memis controls air pressure of each tire. 

32. (previously presented): The vehicle control apparatus at cording to dnim 27, w ierein 
the vehicle control means controls idling state of each wheel. 

33. (previously presented): The vehicle control apparatus according to claim 27, wi ierein 
the vehicle control means changes inter- vehicle distance set value o;"an automatic driving 
system. 
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34. (previously presented): A lire wheel comprising: the vehicle running slate est matron 
apparatus for estimating a running state of the vehicle by detecting the vibration level of I te 
portion below the spring as sol ibrth in claim 6, anil a power generating unit for generalin ; power 
by a rolling of each lire and supplying power to the estimation apparatus. 

35. (original): The lire wheel according to claim 34, wherein the vehicle running < (ate 
estimation apparatus is mounted to the lire wheel. 

36. (previously presented): The tire wheel according to claim 34, wherein the pow :r 
generating unit comprises a rotor magnetized and rotale<l by the rolling of each tire, a stale r 
made from a high magnetic permeability material and adjacent to the rotor and a power 
generating coil installed within a magnetic circuit including the rotor and the stator. 

37. (original): The lire wheel according to claim 36, wherein the power generating unit 
comprises means of accumulating electromotive force generated in the power generating c >il. 

38. (previously presented): The lire wheel according to clah) 36, wherein the roloi is 
turned by rotating an unbalance weight the gravity center of the rotr.ry cone of which is ee< cntric 
to a rotary shaft by the rolling of each tire. 
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39. (previously presented): The tire wheel according to claim 36, wherein an air si -cam 
generated by the rolling of each tire is introduced into the power generating unit and the rt lor is 
lurried by the introduced air stream. 

40. (new); The vehicle running stole estimation method according to claim 3, whei ein 
the master curve is prepared based on the vibration level delected ai the time when the veb ele is 
running on a surface of a road with a usual dry asphalt pavement. 

4 ! . (new): The vehicle state estimation apparatus according to claim 8. wherein th : 
master curve is prepared based on the vibration level detected through the running on the $ irface 
of a usual road with dry asphalt pavement. 
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